Abstract
Wheat (Triticum aestivum L.) is used as a main source of protein and starch for human 35 consumption. However, its production is threatened by many diseases including stem rust caused 36 by Puccinia graminis f. sp. tritici (Pgt), which is known to cause severe yield losses in 37 susceptible cultivars. Ug99, the stem rust race group discovered in Uganda in 1998, was found to 38 be virulent on widely deployed resistance genes, and the majority of the world's wheat 39 germplasm is susceptible to this race group [1] . The emergence and continued evolution of Ug99 40 has pressed the research community to evaluate available genetic resources for resistance and into cultivated wheat is a tractable strategy for improving disease resistance.
45
Many wild relatives of cultivated wheats have been used as sources of disease resistance genes 46 over the last century, and those deployed genes have also played a significant role in wheat 47 production worldwide [3] . Among wild relatives of wheat, Aegilops umbellulata has been 48 successfully used as a source of resistance genes to leaf rust, stem rust and powdery mildew [4- traits of interest. This process, known as bulked segregant analysis RNA-seq (BSR-Seq), has 57 been used for identifying candidate genes and gene cloning purpose for cereals such as maize 58 [12, 13] and hexaploid wheat [14, 15] . BSR-Seq method has also the ability to identify 59 differentially expressed genes (DFGs). However, BSR-Seq may not be effective for complex 60 traits controlled by many minor genes or traits influenced by environmental factors [16] . Most 61 recently, a major QTL conferred resistance to the Pgt races TTKSK (Ug99) and TTTTF was 62 mapped on chromosome 2U of Ae. umbellulata using genotyping-by-sequencing (GBS) SNP 63 markers [7] . As part of the validation and refined mapping of this previously detected stem rust 64 resistance QTL in Ae. umbellulata, two approaches were followed in the current work; 65 independent mapping in another bi-parental population and BSR-Seq. Therefore, the objectives 66 of the current work are to: 1) Confirm the position of previously detected major QTL from Ae.
67
umbellulata 2) map the QTL identified on chromosome 2U to a shorted genetic region 3) 68 identify candidate resistance genes, and 4) to generate the transcriptome assembly for Ae. following the same procedures mentioned in [7] . In our previous work QTL identification was 92 done only for the 1 st population using GBS SNPs. In the current work, however, the QTL 93 mapping was carried out with GBS SNPs common between the two populations using composite reads that passed the cleaning steps were used for the subsequent analysis. We used Trinity 125 assembly program [21] for de novo assembling the reads from the two parents. SNPs 126 identification was done using two approaches: de novo assembly of the parents as a pseudo-127 reference, and a reference-based approach using the Ae. tauschii reference sequence [22] .
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In the de novo assembly approach, SNPs were identified from both the two parental assemblies
129
(PI 5422375 and PI 554395 accessions) using the sort, merge, and pileup programs in by BLAST. In addition, protein domains were searched using "hmmer" software [25] . The 163 predicted proteins and protein domain search results were integrated into coding region selection.
164
Finally, all search results were uploaded to "sqlite" database to extract annotation reports with 165 Trinotate suite.
166
We also assessed if there were genes that contained a nucleotide-binding site and leucine-rich (Fig. 3) . umbellulata) whereas the lowest number of SNPs was found on chromosome 4D (Fig. 4) . Out of (Fig. 6 ).
218
Therefore, we predicted, based on GBS QTL mapping and bulk segregant analysis, the stem rust (Table S2) .
224
For the purpose of assessing the presence of genes that contain a nucleotide-binding site and Table S3 ). The similarity searches in the NCBI database for one of the three 
Annotation of transcriptome
296
For the two assemblies, 40% and 39% of all transcripts matched records in Uniprot for the 297 resistant parent and susceptible parents, respectively (Table S5) . Gene Ontology (GO) terms 298 were assigned to transcripts matching GO-annotated records in the Uniprot database to 15 299 characterize the biological functions from sequence similarity. The distribution of the GO terms 300 across the three domains were highly comparable for the two assemblies (Supplemental Fig. 1 closely related species reference sequence is an advantageous alternative for SNPs identification.
348
SNPs with high BFR from both methods mapped at the same region, but the resolution was 349 better in the cross-species reference-based approach as we identified more SNPs with higher
350
BFR that mapped closer to the GBS marker position.
351
In summary, our study demonstrated that BSR-Seq is cheap and efficient approach not only is on the left picture whereas the 2 nd population is indicated on the right picture. 
